Background Osteoarthritis of the trapeziometacarpal joint (TMJ) is a common condition causing significant disability. The aim of this study is to ascertain whether an intra-articular corticosteroid injection leads to pain relief and increased function and what is the duration and magnitude of this effect. Methods A systematic review with a critical appraisal of identified studies that met the inclusion criteria was performed. Two authors performed the literature review by independently searching the Cochrane, PubMed and Google Scholar databases. Results A total of 118 relevant articles were found, but only nine studies met the inclusion criteria which included 4 double-blinded randomised control trials (RCTs) and 5 prospective case series. There is some evidence in the literature to support the efficacy of steroid injections into the TMJ. Most studies do suggest a good short-term benefit. However, one identifies no benefit over placebo but two studies found a benefit lasting at least 6 months. Conclusions This study demonstrates that there are potentially significant although short-term benefits to be gained from steroid injections into the TMJ. They can lead to pain relief and improved function, certainly in the first 1 to 3 months post-injection. Steroid injections are a low-risk procedure and are helpful in delaying or avoiding the need for surgery.
Background
Osteoarthritis of the basal thumb joint or TMJ is a common condition causing significant disability [9] . The prevalence of TMJ osteoarthritis increases with age and reaches 91 % in patients older than 80 years [29] . The condition is more common in women, particularly in those who are post-menopausal [9, 29] . A quarter of post-menopausal women have radiological evidence of TMJ osteoarthritis although most are asymptomatic [1] .
The main symptoms of TMJ osteoarthritis are pain and stiffness at the base of the thumb. The thumb performs a very important role in the hand, enabling grip and pinch movements.
The TMJ is a saddle shaped joint that allows the extensive movements thumb function requires. There is very little inherent bony stability, and the joint relies on a series of ligaments to provide a constrained range of motion.
The aetiology of TMJ osteoarthritis is complex. It stems from weakness or laxity of the basal thumb joint ligaments causing instability and subluxation. In time, this leads to degeneration of articular cartilage. Joint laxity in the first 30 to 40 years of life leads to osteoarthritis in later years.
A range of non-operative and operative management options can be used to treat TMJ osteoarthritis [34, 35] . A range of surgical techniques have been employed over the years, but the mainstay is trapeziectomy [6] . This can be performed with or without ligament interposition, although this may confer no additional benefit [34] . Other surgical options include joint replacement [24] or fusion [14] .
A Cochrane review to examine conservative management of TMJ osteoarthritis is currently in progress [4] . First-line treatments include activity modification, analgesic and antiinflammatory tablets, physiotherapy, acupuncture and splints to support the thumb [35] .
When these first-line treatments cease to control symptoms, intra-articular injections can be considered. Corticosteroid is the most frequently injected substance, and this technique has been employed with some success for at least 40 years [3, 19] . The aim is to ease pain by reducing inflammation. It is a commonly used treatment, even though its effectiveness is not well audited and the currently available literature has significant limitations [2, 5, 11, 13, 15, 17, 20, 30, 32] . Alternatively, hyaluronic acid may be injected into the TMJ [2, 11] .
A corticosteroid injection such as 40 mg of triamcinolone acetonide can be used with or without a local anaesthetic, for example 0.5 ml 1 % lidocaine. The injections may be performed with fluoroscopic X-ray guidance using a mini Carm image intensifier (Fig. 1) . A significant proportion (17 to 42 %) of needle tips may be extra-articular in situations where fluoroscopy is not employed [10, 25] . In spite of this, some practitioners do not advocate using radiological guidance to deliver the injection. Even with accurate intra-articular placement, significant extravasation of injectate (25 %) can occur into the soft tissues demonstrated by the use of radiopaque dye in cadaveric specimens [25] . Success with correct placement may depend on experience [18] . Recent advances in imaging availability have seen an increase in the use of ultrasound for guided injections. The technique of ultrasound-guided CMCJ injections has been demonstrated in cadaveric models with a high intra-articular accuracy rate (94 %) and avoids exposure of the patient and operator to ionising radiation [33] .
The injections can be painful, and the amount and duration of pain relief are unpredictable [2, 5, 11, 13, 15, 17, 20, 30, 32] . Response can vary with the severity of osteoarthritis which can be graded using the Eaton classification [8] . There is some evidence that patients with minimal arthritic changes on plain radiographs may benefit more and for a longer duration compared to those with more severe arthritic changes [30] . Complications are rare but potentially include local depigmentation, fat atrophy or infection of the joint [16, 22, 27, 31] .
The aim of this study was to assess and critique the available evidence in the literature behind the use of intra-articular corticosteroid injections for the management of trapeziometacarpal joint osteoarthritis.
Methods
The research question was Does an intra-articular corticosteroid injection for trapeziometacarpal joint osteoarthritis in adults lead to pain relief and increased function, and what is the duration and magnitude of this effect?
A systematic review of the literature is presented relevant to this topic.
Two authors (AF and MGS) independently searched the Cochrane, PubMed, and Google Scholar databases. The search strategy involved the combination of key words (Osteoarthritis, Trapeziometacarpal joint or carpometacarpal joint or basal thumb joint, steroid or corticosteroid injection, pain or hand function). The search keywords were derived from the clinical question and the two databases. The dates of the search were limited to the end of June 2010.
The Cochrane database was searched using all terms in the Title, Abstract or Keywords. PubMed was searched using the clinical queries tool for a broad search in the therapy category. The bibliographies of the eligible articles were also reviewed to discover any other relevant papers.
The following inclusion criteria were applied to the identified studies:
& Injection of corticosteroid with or without local anaesthetic into the TMJ for osteoarthritis & Assessment of outcome as either pain relief and/or functional improvement
The following exclusion criteria were applied: The results were then combined to identify the most relevant studies. Independent analysis by the two authors was performed for each study using a Critical Appraisal Skills Programme (CASP) tool from the NHS Public Health Resource Unit, UK [26] . Randomised control trials (RCTs) were appraised using the CONSORT statement checklist [21, 28] . Both the CASP tool and the CONSORT checklist consist of a number of criteria that can be used to assess any study. These help ascertain the study's precision when answering the research question. The checklists are a guide to assess a study's thoroughness, validity and applicability.
Results
The PubMed database identified 14 clinical studies and one systematic review. The review was an RCT [11] and was therefore included. From the 14 clinical studies, seven were included-three RCTs and four case series. The reasons for excluding the other seven studies are as follows: In total, the literature search revealed nine relevant studies (Fig. 2) . Four studies were double-blind RCTs [2, 11, 20, 30] , and five were prospective case series [5, 13, 15, 17, 32] .
It was not possible to perform a formal meta-analysis of this topic from the identified papers because of the variation in practice and reporting. In addition to this, four of the studies were retrospective case series. A meta-analysis is not usually performed on this type of study due to their uncontrolled observational nature. A summary of the findings from the identified papers is displayed in Table 1 .
Critical Appraisal
The four RCTs [2, 11, 20, 30] are considered first because they provide more powerful level 1b evidence [21] . The other five studies [5, 13, 15, 17, 32] are prospective case series, providing only level 4 evidence [23] . The case series are subject to selection bias with the consequence that the results may not be applicable to all patients. A critical appraisal of the nine studies follows.
Bahadir et al. [2] This study is an evaluator-blinded randomised controlled trial, although this is not stated in the title. The abstract does clearly summarise the study, with the methods, findings and conclusion all briefly detailed. There is sufficient background information in the paper although the hypothesis is a little vague, stating the aim was 'to provide more data on the clinical efficacy' (of the injections).
The eligibility and exclusion criteria for the study are apparent, with 40 female patients identified with radiological and clinical criteria of TMJ osteoarthritis. Only Eaton [8] grades 2 or 3 were included, and previously injected patients were excluded. The study site is not presented nor the time period.
The patients were randomised to receive an intra-articular injection of either 20 mg triamcinolone acetonide or 5 mg sodium hyaluronate, delivered by the same investigator throughout, to minimise variation in injection technique. Post-intervention procedures are well described. The study did not allow patients to use any form of analgesia tablets or non-steroidal anti-inflammatory drugs or to wear a splint during the follow-up period. This is commendable for the purposes of the study to truly understand the effect of the injection alone, removing possible confounding factors.
Whilst the authors describe the outcome measures with careful explanation of the methods and timings of assessment, there is no mention of primary or secondary outcome measures. The clinician performing the assessment was blinded to the intervention given to the patient. However, there is no mention that the patient was blinded and it is possible that the patient was aware which group they were in. This has implications for the reliability of the study. Significantly, there was no sample size calculation. There is no justification for the particular number of patients included. Brief mention is given to statistical analysis, although the exact methods used are omitted. Randomisation was described as 'simple', although no details are given. The only demographic detail described was age, with no difference between the two groups. There was no significant difference between severities of osteoarthritis or initial pain level (measured by visual analogue scale (VAS)) between the two groups.
Heyworth et al. [11]
The title of this study clearly describes it as a double-blind randomised trial, giving the interventions and the patient group. The abstract is also informative and detailed. Three different interventions are compared for the treatment of thumb base osteoarthritis-hylan, corticosteroid and placebo. The background and objectives are apparent. The study was carried out over a 2-year period at one tertiary referral centre. Approval was sought and granted from the appropriate bodies. Funding was obtained, from the manufacturer of the Hylan used in the study. This may bias the conclusion of the study. Inclusion criteria are well described. All radiographic degrees of osteoarthritis were included. Patients were not included if they had had an injection previously that did not benefit or if they had had two previous injections or if the injection had been in the previous 6 months. By including patients that have benefitted before but not including patients who have not been helped, a selection bias may have been present for patients responsive to steroid.
The primary outcome measures were the VAS and the Disabilities of the Arm, Shoulder and Hand (DASH) functional assessment [12] . The DASH is a commonly used, validated questionnaire that is useful for assessing function of the upper limb. The secondary outcome measures were range of motion, as well as grip and pinch strength. A lot of detail is included regarding the various assessments and measurement techniques. Patients were allowed to wear a splint or take analgesia following the injection at their own discretion, and if they did, it was recorded in their diary.
A power calculation was performed based on the DASH. The power calculation was carried out using data from a previous paper assessing patients following surgery on the TMJ [7] . Randomisation methods are briefly described. The type of intervention was unknown to the patient and the evaluator (double blinding). Patients were allocated to receive either 1 ml normal saline (placebo), 1 ml hylan or 1 ml corticosteroid. Details of the methods of statistical analysis are given. Baseline demographics and measurements are tabulated and show minimal differences between each intervention group, although no statistical analysis was performed. A total of 60 patients were studied (18 controls, 22 steroid, 20 hylan). There were no adverse events. Meenagh et al. [20] This study is another RCT investigating intra-articular steroid injection for TMJ osteoarthritis. The title is less descriptive, not mentioning patient group or other interventions, but does state that it is an RCT. The abstract summarises the important details and the study rationale, and the objectives are clear. The study was carried out over a three-and-a-half-year period within one named hospital. Inclusion and exclusion criteria are explicit but brief. Patients who had previously had a steroid injection into either TMJ were excluded. Ethical approval was obtained prior to the study commencing, and consent was taken from each patient. Outcome measures are stated, with the primary measure being VAS. Secondary measures are joint stiffness, joint line tenderness and two global assessments (patient/physician). It is not clear what these global assessments included.
The study was a double-blind RCT, with both the patients and the assessor blind to the treatment (either steroid or placebo). The intra-articular injection was carried out under radiographic guidance to ensure correct placement. The randomisation method is clear, with tables being used relating to numbered opaque syringes. Either 5 mg (0.25 ml) triamcinolone or 0.25 ml sterile 0.9 % saline was injected into the TMJ. Following injection, the thumb was splinted for 48 h. A power calculation was performed prior to study commencement. It was deemed that 45 patients would be required in each intervention group to detect a significant difference. Unfortunately, recruitment proved difficult in this study and insufficient patients were recruited to meet the number required by the power calculation. Only 46 patients were recruited instead of the 90 needed. This rendered the power calculation redundant. Of the 46 eligible patients, only 40 agreed to take part in the study.
Stahl et al. [30]
The title does not mention that this is a randomised study, although the abstract is reasonably detailed. The research question of the study aims to ascertain whether intraarticular injection of hyaluronic acid into the TMJ could relieve symptoms but without the side effects of steroid injection. The precise side effects being assessed are not described.
Fifty-two patients were included, all of them suffering with grade 2 TMJ osteoarthritis. They were randomised to receive either methylprednisolone (steroid) or hyaluronate injection into the TMJ. Patients were randomised using a computergenerated identification number from their admission into the clinic. The injection was delivered without radiological guidance by a dorsal approach after palpation of the joint line. Each subject received an injection of 1 ml. In total, 25 patients received 40 mg methylprednisolone acetate and 27 received 15 mg sodium hyaluronate. There is no mention of whether patients or assessors were blinded to the intervention.
Outcomes are listed as pain, grip and pinch strength and also functional assessment using the Purdue Pegboard Test (PPT). This test involves the patient moving pegs from one area of a board to another. It specifically tests both gross and fine dexterity within a defined time period. Pain was assessed prior to injection using the VAS at rest and after activity. Evaluation was at 1, 3 and 6 months post-injection, and statistical methods were used for analysis (paired t test) with p values less than 0.05 taken as being significant. The initial mean level of pain on VAS was comparable between the two groups.
Recruitment details and timing of the study are not mentioned and neither are the demographics or flow of the participants.
Summarising the results for the four RCTs reveals similar sample sizes of between 20 to 25 patients receiving a steroid injection and a female preponderance with an average age of 62 years. Only one study delivered and met an adequate power calculation [11] which is one of the major limitations to these studies. Meenagh et al. performed a power calculation but were unable to fulfil it due to poor recruitment. The use of additional analgesics in the post-operative period is not specified in two of the RCTs, but Bahadir et al. did not allow the patients to use such medications although the actual compliance would be unknown. Heyworth et al. specified that additional analgesics were permitted. This has implications again when comparing scores between studies.
Bahadir et al. and Stahl et al. reported a significant improvement in grip strength at 3 and 6 months (p=0.008), respectively. In terms of hand function, Bahadir et al. noted an improvement lasting up to 6 months post-injection but Stahl et al. found no significant difference in PPT scores with corticosteroid injection when compared to the placebo group. None of the studies showed any improvement in pinch following the injection.
Overall, the RCTs except for Meenagh et al. concluded that there were significant short-to medium-term gains from corticosteroid injections lasting up to 1 year post-injection. This was possibly due to the higher grade of OA presenting in the Meenagh et al. study.
The five case series are critiqued below:
Day et al. [5] This study prospectively observed a consecutive series of 37 patients. It evaluates the effectiveness of a single corticosteroid injection and 3 weeks splinting for patients with TMJ osteoarthritis. Patients were assessed using the DASH questionnaire before the injection and then 6 weeks later. The final review was completed at an average of 25 months. At this appointment, the patient was asked to remember whether they had pain relief at 3, 12 and 18 months after the injection. This is an unreliable method because it relies on the patient being able to accurately remember how long the pain relief lasted at over 2 years post-injection.
Joshi [13] This study evaluates 25 patients who underwent 32 injections of 10 mg methylprednisolone into the TMJ. Patients were monitored for a maximum of 1 year. The primary outcome measure was the VAS, with secondary measures including clinical review and questions from the Health Assessment Questionnaire (HAQ). Variations in management limit the conclusions to be drawn from the study arising from inconsistent enrolment. Follow-up was arranged for 1, 3, 6 and 12 months post-injection and carried out by the same clinician who initially diagnosed the patient and provided treatment.
Khan et al. [15] This case series studies 40 consecutive patients injected with 10 mg Kenalog (triamcinolone) and a local anaesthetic (no description of type or quantity) into the TMJ. The severity of osteoarthritis was graded using Dell's radiological criteria [6] , not one that is used commonly (compared to the Eaton grading). Some patients were using splints before enrolment in the study, whilst others were not. DASH and VAS were used to assess patients before injection and to follow them up at 6 weeks and between 3 and 6 months post-injection. Patients were asked to remember the duration of benefit after the injection.
Maarse et al. [17] This is a combined retrospective and prospective review of patients who received an intra-articular steroid injection for symptomatic osteoarthritis during a 10-year period. This study method has limitations. The duration of the interval between injection and questionnaire evaluation is not specified. Patients may not be able to remember the duration of injection efficacy very accurately. Radiographic grading of pre-injection X-rays using the Eaton classification was carried out by an independent radiologist [8] . Radiological guidance was used throughout to check that the steroid was delivered into the joint. Pain was assessed after (but not before) the injection by using the VAS. Sixty-six patients were recruited to the study, although 15 of these were either lost to follow-up or were not reviewed for the 1 year minimum and were excluded. Ten patients did not respond to the questionnaire, leaving 43 thumbs from 41 patients included in the study. Most (49 %) of the patients had Eaton grade 1 (early) osteoarthritis. Confounding factors were not controlled, but some are described, including use of splints and anti-inflammatory medications. The duration of longterm follow-up was very varied, ranging from 1 year to nearly 10 years. The median was 39 months. Patient recollection of the short-term effects of a steroid injection up to 10 years after injection could not be considered reliable and dramatically reduces the impact of the results.
Swindells et al. [32] This prospective observational study aimed to assess the duration of benefit gained from a single corticosteroid injection under fluoroscopic guidance. It was performed at a single centre but does not specify how many clinicians were involved in the selection and treatment of the patients which may cause variation.
The inclusion criteria were explained, suggesting that all patients presenting to the out-patient department with TMJ osteoarthritis were eligible. However, the decision to perform the injection was completely independent of the audit study.
A sample size of eighty-three patients each received a single injection of 40 mg triamcinolone with local anaesthetic under image guidance. Twenty-seven of these patients had previously received one or more steroid injections although the study does not state when the previous injection was given. All patients were scored via a VAS pre-injection and plain X-rays allowed an Eaton score [8] to be calculated.
The primary outcome of the study was subjective improvement in pain following injection. The secondary outcome was a semi-quantitative objective measurement of improvement using the VAS scoring. Monthly questionnaires were sent out to the patients via the post after treatment. Except from the initial 12 patients lost to follow-up after the first week, all patients were followed-up until the pain had returned to pre-injection levels, which was the end-point of the study.
This study was much larger than previous ones; however, it lost a significant proportion to follow-up. There was no blinding or randomisation which would allow selection bias even though the study specifies that the decision to perform the injection was independent of the audit. There is no information regarding the window between previous injections for the 27 patients and the injection given as part of this study which may confound the results. There was also no mention of adjuvant therapies such as oral analgesics, another potential confounding factor. VAS scores improved post-injection, but there is no statistical analysis of this.
The five case series provided a similar demographic of patients when compared to the RCTs in terms of age and sex. Similar scoring systems including VAS and DASH were used. Overall, the consensus was that short-term benefit was gained between 1 and 6 months post-injection, although Day et al. found that just under half the patients in the study had a sustained benefit for up to 18 months. Unfortunately, their method of follow-up was flawed as it required the patient to recall their symptoms at set time points post-injection.
Maarse et al. had similar design flaws in their study, and although specifying a quarter of the group had long-term pain relief, they do not mention the time frame. They documented that 14 out of the 41 patients had pain relief lasting at least 6 weeks.
In keeping with the RCTs, Day et al. and Khan et al. suggested that patients with less severe OA would benefit more than those with a more advanced stage. Khan et al. reported significant reductions in VAS and DASH scores at the 6-week stage but continuing relief was only noted for patients with grade 1 and 2 OA changes (based on Dell's radiological criteria) thereafter. The largest study by Swindells et al. found no correlation between grade of OA and outcome.
Joshi et al. reported a statistical reduction in VAS scores at 1 month (p<0.001), but this improvement was not maintained after this time point. Swindells et al. also noted a median VAS score reduction for the whole group from 68 to 16 at 1 month; however, there was no statistical analysis for this. They also found that over half of the patients who continued with follow-up (42/71) had a benefit for at least 2 months with ten patients reporting an improvement lasting over 6 months.
There was very little evidence from any of the studies to suggest an improvement in hand function post-injection.
The results of the case series are limited by the study designs with many confounding factors (such as the use of adjuvant analgesics) not being controlled. However, they do reinforce the results of the RCTs with improvements (in particular pain relief) noted over the shorter-term period. Whether or not the severity of OA plays a major role in the longer-term outcomes is undecided.
Discussion
There is some evidence in the literature to support the efficacy of steroid injections into the TMJ. Studies show a range of responses, from no benefit over placebo in moderate to severe osteoarthritis [20] , to reported useful benefit with steroid injection and splinting, particularly in early osteoarthritis [13, 30] . Many studies have reported short-term effectiveness [5, 11, 15, 17, 32] , although one showed longer-term effectiveness [2] of steroid injection into the TMJ. Two of these studies include power calculations although only one was able to recruit sufficient numbers to satisfy the calculation [11] (Table 1) .
The information obtained from previous studies has to be used carefully. Each study performed the injection using a slightly different technique; different types of steroid were used for injection, and post-injection treatment varied. In some studies, a splint was used to immobilise the thumb; in others, no splint was supplied. Some studies allowed use of analgesic medications, whilst others did not, and several did not record this information. Studies not published in English were excluded which could result in some degree of bias.
The optimum method of assessing benefits arising from steroid injection into the basal thumb joint would be a metaanalysis of well-designed RCTs. However, this does not currently exist. There are also hazards with meta-analyses. The studies that are included must match each other closely so there is little variation in practice. Often, the RCTs are so diverse that they cannot be brought together and compared usefully. A systematic review of the literature as was carried out in this study is a useful alternative and often delivers a more accurate assessment of existing studies. Awell-designed RCT could answer the research question, something that four previous groups have attempted [2, 11, 20, 30] . RCTs are challenging to set up, requiring a lot of time and money to accomplish. To deliver a meaningful RCT, it is necessary to perform a power calculation prior to its commencement. Without a power calculation, the study will not be able to answer the question posed. The study also has to be able to recruit the required number of patients to satisfy the power calculation. If it does not, or too many patients are lost to followup, the study has not achieved its objective. Only one of the four evaluated RCTs had a satisfied power calculation [11] .
Many of the identified studies were case series [5, 13, 15, 17, 32] . These provide comparatively weak evidence. They are subject to many sources of error, most notably selection bias. Patients are usually selected for the intervention first and then included in the study. This can reduce the external validity of the study. One major limitation with all currently published studies is the timing of follow-up. When the patient is seen for assessment at a period of time post-injection, the clinician or assessor will only see a 'snapshot' at that moment in time. The patient may deteriorate immediately following that or only just before the next followup. Seeing patients at, for example, 3-month intervals, does not lead to a particularly accurate estimation of the duration of action of the steroid. It could be more helpful for a series of patients to record their pain and function in a diary on a daily basis.
There are other issues with regard to assessing response to steroid injections into the TMJ. Inappropriate needle positioning has been found in a significant proportion of patients (17 to 42 %) where fluoroscopy was employed after needle placement but prior to injection [10, 25] . Only three previous studies describe the injections being carried out under radiological guidance [17, 20, 32] . Consequently, the various outcomes in other previous studies [2, 5, 11, 13, 15] may in part indicate inappropriate deposition of steroids outside the affected joints. In the authors' unit, radiological guidance is usually used to confirm correct steroid placement into the TMJ. However other, albeit very experienced, authors do not promote the need for radiological guidance [18] .
The Eaton grading system [8] is a well-known but coarse instrument for recording the degree of trapeziometacarpal osteoarthritis. It is known that ordinal scales (i.e., 4-point classification) for a continuous variable (i.e., degree of osteoarthritis) are very prone to inter-and intra-observer error.
The visual analogue scale (VAS) is a semi-quantitative subjective outcome measurement. It was used in all the identified studies to measure pain levels. Reported effectiveness does not always correlate with VAS, which makes it hard to fully interpret the patients' assessments. The VAS provides a snapshot of pain at one particular time point. The patient's perception of whether the steroid is still working is more reliable since it will guide future intervention.
No adverse events were recorded in any of the papers included in the systematic review. There were no known side effects caused by any of the steroid injections. A total of approximately 307 patients were treated in the nine analysed studies. This may confirm the general belief that complications are rare [16, 22, 27, 31] , although the sample presented here is still relatively small. This research received no specific grant from any funding agency in the public, commercial or not-for-profit sectors.
Conclusion
This study demonstrates that there are potentially significant although short-term benefits to be gained from steroid injections into the TMJ. They can lead to pain relief and improved function, certainly in the first 1 to 3 months post-injection. However, the currently available evidence is somewhat limited. Severity of the osteoarthritis may or may not affect the patient's response to steroid injection. The outcome of TMJ injections may be improved by using fluoroscopic assistance (Fig. 1) . Steroid injections are a low-risk procedure and can be a helpful form of treatment prior to consideration of more invasive treatments.
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